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CLAIMS 

What is claimed is: 

1 . A minimally invasive method of implanting a lead, comprising: 
gaining access to a pericardium of a patient's chest proximate a cardiac 

chamber; 

advancing a lead introducing system through the pericardium and 
epicardium, and to myocardium of the patient's heart; 

advancing a lead to the myocardium using the lead introducing system; 
implanting an electrode of the lead within the myocardium; and 
removing the lead introducer system from the patient's chest. 

2. The method of claim 1 , further comprising gaining access to the 
epicardium using a cannula advanced from an outer chest wall of the patient. 

3. The method of claim 1 , further comprising creating a space in the 
myocardium using the lead introduction system. 

4. The method of claim 3, wherein advancing the lead introducing system 
further comprises advancing a piercing needle into the myocardium. 

5. The method of claim 3, wherein: 

advancing the lead introducing system further comprises: 

advancing a piercing needle into the myocardium; and 
advancing a dilating sheath over the piercing needle; and 
creating the myocardial space further comprises using the dilating sheath to 
create the space in the myocardium. 
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6. The method of claim 5, further comprising removing the dilating sheath 
prior to advancing the lead using the lead introducing system. 

7. The method of claim 1 , further comprising eluting a steroid from the 
lead and into the myocardium. 

8. The method of claim 1 , wherein implanting the electrode comprises 
affixing the electrode to myocardial tissue. 

9. The method of claim 8, wherein affixing the electrode comprises using 
an active fixation mechanism that affixes the electrode to the myocardial tissue. 

10. The method of claim 9, wherein the active fixation mechanism 
comprises a helical mechanism. 

1 1 . The method of claim 10, wherein the helical mechanism is positioned 
coaxial to a longitudinal axis of the lead. 

1 2. The method of claim 1 , wherein implanting the electrode comprises 
stabilizing the lead proximally of the electrode. 

13. The method of claim 12, wherein stabilizing the lead comprises 
stabilizing the lead via attachment of a portion of the lead to an epicardial surface of 
the heart. 

14. The method of claim 1 , wherein implanting the electrode comprises 
placing a fixation element epicardially at or near a location at which the lead enters 
the myocardium. 
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1 5. The method of claim 14, wherein the fixation element comprises a 

suture. 

16. The method of claim 14, wherein the fixation element comprises a clip. 

5 

1 7. The method of claim 14, wherein the fixation element comprises a 
chronic fixation arrangement. 

18. The method of claim 1 , wherein entering the myocardium comprises 

1 0 entering the myocardium at a shallow angle substantially tangential to an epicardial 
surface and penetrating the myocardium to a predetermined depth. 

1 9. The method of claim 18, wherein the shallow angle ranges between 
about 5 degrees and about 45 degrees with respect to a plane tangential to the 

15 epicardial surface, and the predetermined depth ranges between about 1 mm and 
about 10 mm. 

20. The method of claim 1 , wherein the lead is implanted proximate a left 
ventricle of the heart. 

20 

21 . The method of claim 1 , wherein: 

the lead comprises proximal and distal ends and an open lumen 
defined therebetween; 

advancing the lead introducing system further comprises advancing a 
25 piercing needle into the myocardium and into the epicardium and myocardium; and 

advancing the lead comprises passing the lead over the piercing 
needle and through the open lumen. 
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22. The method of claim 21 , further comprising engaging an active fixation 
mechanism that affixes the electrode within the myocardium. 

23. The method of claim 21 , wherein advancing the lead introducing 
system further comprises: 

advancing a dilating sheath over the piercing needle, the dilating 
sheath creating a space within the myocardium; and 

removing the dilating sheath prior to passing the lead over the piercing 

needle. 

24. The method of claim 1 , wherein advancing the lead introducing system 
further comprises: 

advancing a piercing needle into the epicardium and myocardium; 

advancing a dilating sheath over the piercing needle, the dilating 
sheath creating a space within the myocardium; 

advancing a dilating catheter over the dilating sheath, wherein 
advancing the lead comprises passing the lead through the dilating catheter; and 

removing the piercing needle and dilating sheath. 

25. The method of claim 24, further comprising using a stylet that stiffens 
the lead to facilitate advancement of the lead through the dilating catheter. 

26. The method of claim 24, further comprising engaging an active fixation 
mechanism that affixes the electrode within the myocardium. 
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27. A system for facilitating cardiac lead implantation, comprising: 

a lead comprising proximal and distal ends and an open lumen defined 
therebetween, the lead further comprising at least one electrode situated at a distal 
end of the lead; 

5 a piercing needle having an outer diameter smaller than a diameter of 

the open lumen of the lead, the piercing needle configured for advancement into a 
patient's chest and into an epicardium and myocardium of a heart; and 

a dilating sheath having an inner diameter larger than the outer 
diameter of the piercing needle, the dilating sheath having a distal end configured to 
10 create a space within the myocardium sufficient in size to accommodate the at least 
one electrode; 

wherein the relative sizes of the outer diameter of the piercing needle 
and the diameter of the open lumen of the lead facilitates slideable advancement of 
the lead over the piercing needle upon removal of the dilating sheath from the 
1 5 patient's chest. 



28. The system of claim 27, wherein the lead further comprises a suture 
sleeve arrangement situated at the distal end of the lead proximal the electrode, the 
suture sleeve arrangement configured for attachment to an epicardial surface via a 

20 suture. 

29. The system of claim 27, wherein the electrode comprises an 
attachment arrangement comprising one or more of tines, barbs, helices, and 
adhesives for affixing the electrode within the myocardium. 

25 

30. The system of claim 27, wherein the lead further comprises an 
implantation depth indicator. 
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31 . The system of claim 30, wherein the implantation depth indicator 
comprises a shoulder of the lead. 

32. The system of claim 30, wherein the implantation depth indicator 
5 comprises a cuff of the lead. 

33. The system of claim 30, wherein the implantation depth indicator 
comprises a skirt of the lead. 

1 0 34. The system of claim 27, wherein the dilating sheath is formed from a 

polymeric or composite material. 

35. The system of claim 34, wherein the dilating sheath is rigid. 

1 5 36. The system of claim 34, wherein the dilating sheath is flexible. 

37. The system of claim 27, wherein the dilating sheath is formed from a 

metal. 

20 38. The system of claim 37, wherein the dilating sheath is rigid. 

39. The system of claim 37, wherein the dilating sheath is flexible. 

40. The system of claim 27, wherein the electrode is situated on a distal tip 
25 of the lead and substantially perpendicular to a longitudinal axis of the lead. 

41 . The system of claim 27, wherein the electrode is situated 
circumferentially at a distal tip of the lead. 
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42. The system of claim 27, wherein the electrode comprises a micro 
surface comprising iridium oxide. 

43. The system of claim 27, wherein the electrode comprises a steroid 
eluting arrangement disposed on one or a plurality of sides of the electrode. 

44. The system of claim 27, wherein a distal tip of the lead comprises 
flexible insulation material and a flexible conductor. 

45. The system of claim 44, wherein the flexible conductor comprises one 
or more of a nitinol coil conductor, a platinum clad nitinol coil conductor, a single or 
multiple filar wound conductor, a stainless steel conductor, an MP35N conductor, a 
tantalum conductor, a titanium alloy conductor, and a cable conductor. 

46. A system for facilitating lead implantation, comprising: 

a lead comprising proximal and distal ends and an open lumen defined 
therebetween, the lead further comprising at least one electrode situated at a distal 
end of the lead; 

a piercing needle having an outer diameter smaller than a diameter of 
the open lumen of the lead, the piercing needle configured for advancement into a 
patient's chest and into an epicardium and myocardium of a chamber of a heart; 

a dilating sheath having an inner diameter larger than the outer 
diameter of the piercing needle, the dilating sheath having a distal end configured to 
create a space within the myocardium sufficient in size to accommodate the at least 
one electrode; and 

a dilating catheter having an inner diameter larger than an outer 
diameter of the dilating sheath and an outer diameter larger than an outer diameter 
of the lead; 
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wherein the relative sizes of the inner diameter of the dilating catheter 
and outer diameter of the lead facilitates advancement of the lead within the dilating 
catheter upon removal of the piercing needle and dilating sheath from the patient's 
chest. 

47. The system of claim 46, wherein one or both of the dilating sheath and 
dilating catheter are formed from a polymeric material. 

48. The system of claim 46, wherein the dilating catheter is configured as a 
splittable dilating catheter formed from a polymeric material and comprising one or 
more longitudinal splitting features defined along a length of the dilating catheter. 

49. The system of claim 46, wherein one or both of the dilating sheath and 
dilating catheter are formed from a metal. 

50. The system of claim 46, wherein the lead further comprises a suture 
sleeve arrangement situated on the distal end of the lead proximal of the electrode, 
the suture sleeve arrangement configured for attachment to an epicardial surface via 
a suture. 

51 . The system of claim 46, wherein the lead comprises a stylet situated at 
the distal end of the lead that enhances stiffness of the lead. 

52. The system of claim 46, wherein the electrode comprises an electrode 
attachment arrangement comprising one or more of tines, barbs, and adhesives for 
affixing the electrode to myocardial tissue. 

53. The system of claim 46, wherein the electrode comprises an active 
fixation mechanism for affixing the electrode within the myocardium. 
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54. The system of claim 46, wherein the electrode comprises one or more 
helices for affixing the electrode within the myocardium. 

5 55. The system of claim 54, wherein the one or more helices comprise 

extend ible/retractable fixation helices for affixing the electrode within the 
myocardium. 

56. The system of claim 55, wherein the one or more helices are positioned 
1 0 coaxial to a longitudinal axis of the lead. 

57. The system of claim 46, wherein the electrode is situated on a distal tip 
of the lead and substantially perpendicular to a longitudinal axis of the lead. 

1 5 58. The system of claim 46, wherein the electrode is situated 

circumferentially about a distal tip of the lead. 

59. The system of claim 46, wherein the electrode comprises a micro 
surface comprising iridium oxide. 

20 

60. The system of claim 46, wherein the electrode comprises a steroid 
eluting arrangement disposed on one or a plurality of sides of the electrode. 

61 . The system of claim 46, wherein a distal tip of the lead comprises 
25 flexible insulation material and a flexible conductor. 
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62. The system of claim 61 , wherein the flexible conductor comprises one 
or more of a nitinol coil conductor, a platinum clad nitinol coil conductor, a single or 
multiple filar wound conductor, a stainless steel conductor, an MP35N conductor, a 
tantalum conductor, a titanium alloy conductor, and a cable conductor. 

63. The system of claim 46, wherein the lead further comprises an 
implantation depth indicator. 

64. The system of claim 63, wherein the implantation depth indicator 
comprises a shoulder of the lead. 

65. The system of claim 63, wherein the implantation depth indicator 
comprises a cuff of the lead. 

66. The system of claim 63, wherein the implantation depth indicator 
comprises a skirt of the lead. 
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